TITLE OF THE INVENTION 



APPARATUS FOR GENERATING SEEK DIRECTION DETECTING SIGNAL FOR 

OPTICAL PICKUP 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Patent Application No. 00-15873 filed 
March 28, 2000 in the Korean Industrial Property Office, the disclosure of which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

s 

3 1 . Field of the Invention 

0)002] The present invention relates to an apparatus generating a seek direction detecting signal 
*J for an optical pickup determining the relative position of the center of an optical spot focused on 
'p an optical disk with respect to the center of a disk track in a RAM-type optical disk having a 
^ land/groove structure, and more particularly, to an apparatus generating a seek direction detecting 
.U signal for an optical pickup using a main beam and a sub-beam having a predetermined aberration 
>4 in the tangential direction of an optical disk. 

2. Description of the Related Art 

[0003] In general, an optical pickup apparatus optically records or reproduces information of an 
optical disk such as a RAM disk, which is employed as a recording medium for 
recording/reproducing information. An optical pickup apparatus for this purpose comprises a 
light source emitting laser light, an objective lens converging light emitted from the light source 
on an optical disk to form an optical spot on the optical disk, an optical detector receiving light 
reflected from the optical disk and detecting an information signal and an error signal, and a 
signal processing portion processing the detected signals. 



1 



[0004] Referring to FIGS. 1 and 2, a conventional apparatus for generating a seek direction 
detecting signal for an optical pickup includes a grating (not shown) illuminating a track and 
adjacent tracks at the same time so as to record/reproduce information, an optical detector, and a 
signal processing portion. 

[0005] Referring to FIG. 1, a spiral track having a land (L) and groove (G) structure, is formed 
on an optical disk 1, and information marks la are formed on the land (L) and groove (G). When 
information is recorded on or reproduced from the optical disk 1, light beams diverged by the 
grating are focused on the disk 1. That is, a main beam Bm is focused on the track 
recording/reproducing information marks la, and first and second sub-beams Bsi and Bs2, in 
which each sub-beam precedes or follows the main beam Bm by a predetermined time, are focused 
on tracks of the optical disk 1 to be ±Vz track pitch off the main beam Bm in the radial direction of 
^ the optical disk 1. 

J&006] The optical detector includes a main optical detector 2a for receiving the main beam Bm 
Li?l reflected from the optical disk 1, and first and second optical sub-detectors 2b and 2c for 
„' receiving the first and second sub-beams, respectively. Here, the main optical detector 2a is 
j-'j comprised of two separated plates A and B separated in the radial direction of the optical disk 1 
FU for receiving light independently of each other. In addition, the first and second optical sub- 
O detectors 2b and 2c are comprised of two separated plates C and D, and two separated plates E 
■~" and F separated in the radial direction of the optical disk 1, respectively. 

[0007] The signal processing portion is comprised of a plurality of differential amplifiers 3, 4, 5, 
and 6 for differentiating and amplifying the signals detected by the main optical detector 2a, and 
the first and second optical sub-detector 2b and 2c to detect a track error signal (TES) and a track 
cross signal (TCS), a tracking control unit 7 receiving the detected track error signal (TES) and 
track cross signal (TCS) and outputting a tracking control signal, and an objective lens driving 
portion 8 actuating an objective lens according to the inputted tracking control signal. 



2 



[0008] The track error signal (TES) is generated by using a push-pull signal M d output from the 
main optical detector 2a. The track cross signal (TCS) is generated by using a difference signal 
Sw - Sid of push-pull signals Sid and S2d output from the first and second optical sub-detectors 2b 
and 2c, respectively, and the push-pull signal Md. Here, since the first and second sub-beam Bsi 
and Bs2 are disposed ± 1 / 2 track pitch off the main beam Bm, and therefore the push-pull signals Sid 
and Saa have phase differences of ±90° with respect to the push-pull signal Md, the track cross 
signal can be detected by using the phase differences. 

[0009] While the conventional apparatus for generating a seek direction detecting signal for an 
optical pickup, configured as described above, has an advantage in that the track cross signal can 
be detected in a relatively simple manner using the three beams, there is a problem in that, since 
the first and second sub-beams are disposed to precede and follow the main beam Bm, cross 
erasures occur to the adjacent track signals when a RAM-type optical disk is employed. 

*4 SUMMARY OF THE INVENTION 

jpOlO] Accordingly, it is an objective of the present invention to provide an apparatus generating 
□ a seek direction detecting signal for an optical pickup capable of determining the relative position 
jjj of the center of an optical spot focused on a RAM-type optical disk having a land/groove structure 
%: with respect to the center of a disk track using a main beam, and a sub-beam having a 
12 predetermined aberration in the tangential direction of the disk. 

[001 1] Additional objects and advantages of the invention will be set forth in part in the 

description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0012] The foregoing objects of the present invention are achieved by providing an apparatus 
generating a seek direction detecting signal for an optical pickup including: a light dividing unit 
dividing an incident light beam into at least two beams including a main beam and a sub-beam so 
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that at least two beam spots including a main beam spot and at least one sub-beam spot having an 
optical aberration, can be focused in the track direction of an optical disk, the light dividing unit 
being adapted so that the direction of the optical aberration of the sub-beam spot can be in the 
tangential direction of the optical disk; an optical detector unit including a first optical detector 
having a plurality of light receiving portions receiving the main beam, and converting the portions 
of the received main beam into independent electrical signals ; and a second optical detector 
receiving the sub-beam, and converting the portions of the received beam into independent 
electrical signals so as to receive the main beam and the sub-beam reflected from the optical disk; 
and a signal processing portion including a first signal processing portion processing a track error 
signal from the signals output from the first optical detector; and a second signal processing 
portion processing a track cross signal from the signals output from the second optical detector, 
and a signal generator generating a seek direction detecting signal from the phase difference 
'4f between the track error signal. 

#013] Here, it is preferable that the second optical detector is divided into at least three portions 
b j| in a direction corresponding to the radial direction of the optical disk, is divided into two portions 
==' in a direction corresponding to the tangential direction of the optical disk, and has at least six 
C3 separate areas. 

^ BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] These and other objects and advantages of the present invention will become more 
apparent and more readily appreciated from the following description of the preferred 
embodiments, taken in conjunction with the accompanying drawings of which: 

[0015] FIG. 1 is a schematic diagram illustrating optical spots focused on an optical disk by a 
conventional optical pickup; 

[0016] FIG. 2 is a schematic diagram illustrating a conventional apparatus generating a seek 
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direction detecting signal for an optical pickup; 

[0017] FIG. 3 is a diagram illustrating an optical layout of an optical pickup apparatus employing 
an apparatus generating a seek direction detecting signal according to an embodiment of the 
present invention; 

[0018] FIG. 4 is a schematic diagram illustrating a main beam spot SPmam and a sub-beam spot 
SPsub formed on an optical disk; 

[0019] FIG. 5 is a schematic diagram illustrating the structure of a first optical detector 

according to an embodiment of the present invention, and a first signal processing portion for 
. w processing signals output from the first optical detector; 

}|0020] FIG. 6 is a schematic diagram illustrating the structure of a second optical detector 
t J according to an embodiment of the present invention, and a second signal processing portion of 
«J the same embodiment processing signals output from the second optical detector; 

$8)021] FIG. 7 is a schematic diagram illustrating yet another embodiment of a second signal 
processing portion according to the present invention; 

[0022] FIG. 8 is a schematic diagram illustrating yet another embodiment of a second signal 
processing portion according to the present invention; 

[0023] FIG. 9 is a schematic diagram illustrating yet another embodiment of a second signal 
processing portion according to the present invention; 

[0024] FIG. 10 is a schematic diagram illustrating yet another embodiment of a second signal 
processing portion according to the present invention; 
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[0025] FIG. 11 is a diagram illustrating waveforms of signals Si and S2 output from first and 
second summing amplifiers, respectively, shown in FIG. 7 when beam spots are in off-track 
states; 

[0026] FIG. 12 is a diagram illustrating a waveform of a track cross signal when beam spots are 
in off-track states; 

[0027] FIG. 13 is a diagram illustrating waveforms of signals S? and Ss output from first and 
second differential amplifiers, respectively, shown in FIG. 10 when beam spots are in off-track 
states; 

[0028] FIG. 14 is a diagram illustrating a waveform of a signal Ss output from fifth summing 

%<j 

%Q amplifier shown in FIG. 10 when beam spots are in off-track states; 

tf\ 

JP029] FIG. 15 is a diagram illustrating waveforms of a track cross signal Stc and a track error 
M j signal Ste when beam spots are in off-track states; 

U 

|[0030] FIG. 16 is a schematic diagram illustrating the structure of a second optical detector 
tj according to yet another embodiment of the present invention, and a second signal processing 
W portion for processing signals output from the second optical detector as illustrated in the 
embodiment of FIG. 6; 

[0031] FIGS. 17 through 20 are diagrams illustrating embodiments of a second signal processing 
portion processing signals output from the second optical detector shown in FIG. 16; and 

[0032] FIG. 21 illustrates a signal generator that generates a seek direction detection signal 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0033] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. The embodiments are described below in 
order to explain the present invention by referring to the figures. 

[0034] Referring to FIG. 3, an optical pickup apparatus employing an apparatus generating a 
seek direction detecting signal according to the present invention includes a light source 11, an 
optical path changing unit changing the traveling path of an incident beam, an objective lens 21 
converging the incident beam, and an apparatus generating a seek direction detecting signal. The 
apparatus generating a seek direction detecting signal includes a light dividing unit disposed 
m between the light source 11 and an optical disk 1, an optical detector unit 25 and 27 receiving the 
12 beam reflected from the optical disk 1, and a signal processing portion processing the detected 
beam. 

j;0035] In order to enhance the recording capacity of an optical disk 1 of greater than 15 GB 
|j capacity, a light source for emitting light having a wavelength of about 410 nm and an objective 
y lens having a numerical aperture of 0.6 or greater are employed as the light source 1 1 and the 
Q objective lens 21. The diverging light emitted from the light source 11 passes through a 

collimating lens 13, and is converged to be a collimated beam. The optical path changing unit is 
provided on the optical path between the light source 11 and the objective lens 21 so as to change 
the traveling path of the incident beam. That is, the incident beam from the light source 1 1 is 
directed toward the objective lens 21, and the incident beam from the objective lens is directed 
toward the optical detector unit 25 and 27. It is preferable that the optical path changing unit 
includes a beam splitter 17 changing the path of the incident beam by dividing the incident beam 
in a predetermined ratio, passing some portions of the incident beam, and reflecting the 
remainder. 



7 



[0036] The beam emitted from the light source 11 is diverged into at least two beams including a 
main beam I and a sub-beam II by the light dividing unit, and forms a main beam spot SPmain and a 
sub-beam spot SPsub, as shown in FIG. 4. Here, the main beam I forms the main beam spot SPmain 
which does not have any aberration and the sub-beam II forms a sub-beam spot SPsub which has a 
predetermined optical aberration such as a coma. 

[0037] In order to form the main beam spot SPmain and the sub-beam spot SPsub as described 
above, i.e., in order to form the main beam spot SPmain which does not exhibit any aberration and 
the sub-beam spot SPsub which has the predetermined optical aberration when the optical disk 1 is 
disposed in place without being inclined, it is preferable that the light dividing unit is provided 
with a holographic optical element 15 dividing the incident beam into the main beam I of the 0th- 
order diffracted beam, and the sub-beam II of the lst-order diffracted beam, and giving the sub- 
^ beam II the predetermined aberration so that the sub-beam II can have the predetermined 
f: aberration while the main beam I does not have any aberration. The optical axis of the sub-beam 
% 4 II is formed to be slanted with respect to the optical axis of the main beam due to the coma, and 
yj the sub-beam II travels while being inclined in the tangential direction T of the optical disk 1 at a 
*J* predetermined angle of inclination, and forms the sub-beam spot SPsub on the optical disk 1. In 
O order to give the sub-beam the coma as described above, the holographic optical element 15 has a 
Ify predetermined hologram pattern. 

ft)038] The light dividing unit may be designed to form another sub-beam spot (not shown) which 
precedes the main beam spot SPmam in addition to the sub-beam spot SPsub which follows the main 
beam spot SPmain. In addition, the light dividing unit may be designed to form a pair of sub-beam 
spots SPsub, one of which precedes the main beam spot SPmain, and another which follows the main 
beam spot SPmain. 

[0039] The objective lens 21 converges the main beam I and the sub-beam II diverged by the 
hologram optical element 15, and focuses the beams I and II on the optical disk 1. Here, the sub- 
beam II is focused on the same track as the main beam I. However, the sub-beam II has an 
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aberration in the tangential direction of the optical disk, given by the hologram optical element 15 
described above. 

[0040] After the main beam I and the sub-beam II, which are reflected from the optical disk 1, 
pass through the objective lens 21 and reflect off the beam splitter 17, the main beam I and the 
sub-beam II are converged by a converging lens 23 and are received by the optical detector unit. 
The optical detector unit comprises a first optical detector 25 receiving the main beam I, and a 
second optical detector 27 or 27' receiving the sub-beam II. Referring to FIG. 5, the first optical 
detector 25 has a plurality of light receiving portions A, B, C, and D receiving the main beam I, 
and converting the respective optical signals into independent electrical signals . 

[0041] A second optical detector 27 receiving the sub-beam II and converting received optical 
-M signals into independent electrical signals, is divided into four portions in a direction R' 

corresponding to the radial direction R of the optical disk 1, and is divided into 2 portions in a 
J direction T' corresponding to the tangential direction T of the optical disk 1. Therefore, the 
^ second optical detector 27 is divided into eight separate areas. When briefly reviewing this 
< structure, the second optical detector 27 has four light receiving portions having a 2 x 2 array, as 
7j in a conventional four-division optical detector, i.e., first, second, third, and fourth light 
^ receiving portions, and each light receiving portion is again divided into an inner light receiving 
3 portion and an outer light receiving portion in the direction R'. That is, the first light receiving 
portion is comprised of a first outer light receiving portion Ai and a first inner light receiving 
portion A2. The second light receiving portion is disposed to neighbor the first light receiving 
portion in the tangential direction T', and is comprised of a second outer light receiving portion 
Bi and a second inner light receiving portion B2. The third light receiving portion is disposed to 
neighbor the second light receiving portion in the direction R', and is composed of a third outer 
light receiving portion Ci and a third inner light receiving portion C2. In addition, the fourth light 
receiving portion is disposed to neighbor the first and third light receiving portions, and is 
comprised of a fourth outer light receiving portion Di and a fourth inner light receiving portion 
D 2 . 



[0042] Here, in order to generate a seek direction detecting signal, it is preferable that the 
individual widths of the first, second, third, and fourth inner light receiving portions A2, B2, C2, 
and D2 are smaller than the radius of the incident beam spot focused on the second optical detector 
27. It is more preferable that the sum of the widths of the first and fourth inner light receiving 
portions A2 and D2 in the direction R' and the sum of the widths of the second and third inner 
light receiving portions B2 and D2 in the direction R' are each 0.2 to 0.8 times the diameter of the 
incident beam focused on the second optical detector 27. 

[0043] Referring to FIGS. 5 through 10, the signal processing portion includes a first signal 
processing portion 30 detecting a track error from the signal output from the first optical detector 
25, and a second signal processing portion 40, 50, 60, 70 or 80 generating a seek direction 
detecting signal from the signal detected by the second optical detector 27. 

-.1 _ ■ 

I'M ' ' 

JE0O44] Referring to FIG. 5, the first signal processing portion 30 sums and differentiates 

^ electrical signals output from the four light receiving portions A, B, C, and D of the first optical 

111 detector 25, and outputs a track error signal (TES). To this end, the first signal processing 

, ; portion 30 comprises a summing amplifier 31 summing signals detected by the light receiving 

■^ portions A and B disposed to neighbor and be parallel to each other in the direction T, a 

jfy summing amplifier 33 summing signals detected by the light receiving portions C and D, and a 

q differential amplifier 35 differentiating signals output from the summing amplifiers 31 and 33. 

That is, the first signal processing portion 30 outputs a track error signal by using a push-pull 

signal output from the main beam I. 

[0045] Referring to FIG. 6, the second signal processing portion 40 according to an embodiment 
of the present invention comprises first and second summing amplifiers 41 and 43, and a 
differential amplifier 45. 

[0046] When the sum of signals output from the first inner light receiving portion A2 and the 
fourth inner light receiving portion D2 is S(A2+d2>, and the sum of signals output from the second 
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outer light receiving portion Bi and the third outer light receiving portion Ci is S(bh-ci), the first 
summing amplifier 41 sums the signals S(A2+d2> and S(bi+cd, and outputs a signal Su When the 
sum of signals output from the first outer light receiving portion Ai and the fourth outer light 
receiving portion Di is S(ai+di>, and the sum of signals output from the second inner light 
receiving portion B2 and the third inner light receiving portion C2 is S(B2+C2>, the second summing 
amplifier 43 sums the signals S<ai+dd and S(B2+c2 )? and outputs a signal S2. Then, the differential 
amplifier 45 differentiates the signals Si and S2, and outputs a track cross signal. A seek direction 
detecting signal can be generated by using the phase difference between the track cross signal 
(TCS) output from the differential amplifier 45 and the track error signal (TES) output from the 
first signal processing portion 30. An example of a seek direction detecting signal generator is 
illustrated in FIG. 21 and is discussed in further detail below. 

^|)047] Referring to FIG. 7, the second signal processing portion 50 according to another 

embodiment of the present invention comprises first and second summing amplifiers 51 and 53, a 
M gain adjusting unit 52, and a differential amplifier 55. 

J0048] Here, the first and second summing amplifiers 51 and 53 perform the same function as the 
j ! summing amplifiers 41 and 43 previously described with reference to FIG. 6, and outputs signals 
rl! Si and S2, respectively. The gain adjusting unit 52 multiplies the signal Si output from the first 

q. summing amplifier 51 by a predetermined gain coefficient Ki, and outputs an adjusted signal Ki x 
;r " Si. In addition, the summing amplifier 55 sums the signal S2 and the signal Ki x Si, and outputs a 
track cross signal (TCS). Therefore, a seek direction detecting signal can be generated by using a 
phase difference between the output track cross signal (TCS) and the track error signal (TES) 
output from the first signal processing portion 30. 

[0049] Referring to FIG. 8, the second signal processing portion 60 according to another 

embodiment of the present invention comprises first and second summing amplifiers 61 and 63, a 
gain adjusting unit 62, and a differential amplifier 65. The first summing amplifier 61 sums a 
signal Sa2 output from the first inner light receiving portion A2 and a signal Sd2 output from the 
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fourth inner light receiving portion D2, and outputs a sum signal S3. The second summing 
amplifier 63 sums a signal Sb2 output from the second inner light receiving portion B2 and a signal 
Sc2 output from the third inner light receiving portion C2, and outputs a sum signal S4. In 
addition, the gain adjusting unit 62 multiplies the input signal S3 by a predetermined gain 
coefficient K2, and outputs a signal K2 x S3. The differential amplifier 65 differentiates the signal 
S4 and the signal K2 x S3, and outputs a track cross signal (TCS). Therefore, a seek direction 
detecting signal can be generated by using the phase difference between the output track cross 
signal (TCS) and the track error signal (TES) output from the first signal processing portion 30. 

[0050] Referring to FIG. 9, the second signal processing portion 70 according to another 

embodiment of the present invention comprises first and second summing amplifiers 71 and 73, a 
gain adjusting unit 74, and a differential amplifier 75. 

|fip051] The first summing amplifier 71 sums a signal Sai output from a first outer light receiving 
,.1 portion Ai and a signal Sdi output from a fourth outer light receiving portion Di, and outputs a 
y sum signal Ss. The second summing amplifier 73 sums a signal Sbi output from a second outer 
b light receiving portion Bi and a signal Sci output from a third outer light receiving portion Ci, and 
J outputs a sum signal Se. The gain adjusting means 74 multiplies the signal Se output from the 
l®, second summing amplifier 73 by a predetermined gain coefficient K3, and outputs a signal K3 x 
CJ Se. The differential amplifier 75 differentiates the signal Ss and the signal K3 x Se, and outputs a 
track cross signal (TCS). Therefore, a seek direction detecting signal can be generated by using 
the phase difference between the output track cross signal (TCS) and the track error signal (TES) 
output from the first signal processing portion 30. 

[0052] Referring to FIG. 10, when signals respectively output from first, second, third, and 
fourth outer light receiving portions Ai, Bi, G, and Di are Sai, Sbi, Sci, and Sdi, signals 
respectively output from first, second, third, and fourth inner light receiving portions A2, B2, C2, 
and D2 are Sa2, Sb2, Sc2, and Sd2, and a predetermined gain coefficient applied to a signal inputted 
into a gain adjusting unit is K4, the second signal processing portion 80 according to another 
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embodiment of the present invention processes a signal so as to satisfy the following formula (1), 
and outputs a track cross signal (TCS). 

TCS = ((SA2 + Sdi) - (SB2 + SC2)) + K4((SB1 + Sci) - (SaI + Sdi)) (1) 

[0053] In order to get a track cross signal (TCS), the second signal processing portion 80 
includes first, second, third, and fourth summing amplifiers 81, 82, 84, and 85, first and second 
differential amplifiers 83 and 86, a gain adjusting unit 87, and a fifth summing amplifier 89. 

[0054] The first summing amplifier 81 sums signals Sa2 and Sd2, and outputs a signal S3. The 
second summing amplifier 82 sums signals Sb2 and Sc2, and outputs a signal S4. In addition, the 
third summing amplifier 84 sums signals Sai and Sdi, and outputs a signal Ss. The fourth 
summing amplifier 85 sums signals Sbi and Sci, and outputs a signal Se. 

|K055] The first differential amplifier 83 differentiates the signals S3 and S4, and outputs a signal 

S7, and the second differential amplifier 86 differentiates the signals Ss and Se, and outputs a 
lj| signal Ss. In addition, the gain adjusting unit 87 multiplies the signal Ss output from the second 
~k differential amplifier 86 by a predetermined gain coefficient K4, and outputs a signal K4 x Ss. The 
O: fifth summing amplifier 89 sums the signals S? and K4 x Ss, and outputs a track cross signal 
I (TCS). 

L;J, 

ft)056] Therefore, a seek direction detecting signal can be generated by using the phase 
difference between the output track cross signal (TCS) and the track error signal (TES) output 
from the first signal processing portion 30. 

[0057] The structures of the second signal processing portion according to the above-described 
embodiments are shown as examples when the sub-beam spot SPsub is disposed, as shown in FIG. 
4. Therefore, when a sub-beam spot preceding the main beam spot exists, when a pair of sub- 
beam spots, one of which precedes the main beam spot and another which follows the main beam 
spot exist, or when the aberration direction of the sub-beam spot is changed, the waveform of the 
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signal output from the second signal processing portion may be inverted. Since an inverted 
waveform such as this can be corrected by changing the input end of the differential amplifier, or 
by using an inverter, a detailed description thereof will be omitted. 

[0058] Now, referring to FIGS. 11 through 15, the operation of an apparatus generating a seek 
direction detecting signal for an optical pickup according to an embodiment of the present 
invention is described below. 

[0059] In FIGS. 11 through 15, the horizontal axis represents positions of tracks by using a track 
pitch (Tp) of an optical disk, and the vertical axis represents magnitudes of an output signal at the 
positions of tracks. Here, the track pitch (Tp) is the distance between the center of a land and the 
center of an adjacent groove or between the center of a groove and the center of an adjacent land 

jl in a land/groove structure recording or reproducing a signal onto or from the optical disk , and 

i the labels on the horizontal axis, 1, 2, 3, . . indicate distances corresponding to 1 time, 2 times, 
3 times, . . ., the track pitch (Tp). That is, in the horizontal axis, when the points indicated by 0, 

I? 2, 4, and 6 are the centers of respective grooves, the points indicated by 1, 3, and 5 are the 

M. 

centers of respective lands. 

jf)060] FIG. 11 shows waveforms of a signal Si output from the first summing amplifier 41 or 51 
3 shown in FIGS. 6 and 7, and a signal Si output from the second summing amplifier 43 or 53, 
when beam spots are in off-track states, and when an aberration of the sub-beam II in a tangential 
direction is 0.5 degrees. Reviewing FIG. 11, it can be found that the output signals Si and S2 
exhibit inverted waveforms with respect to each other. That is, since the sub-beam II has a 
predetermined aberration in the tangential direction of the optical disk, it can be found that when 
the points 1,3,5,... along the horizontal axis represent the centers of land tracks, and the 
points 0, 2, 4, 6, . . . along the horizontal axis represent the centers of groove tracks, the signal 
Si has positive peak values at the centers of land tracks while the signal Si has negative peak 
values at the centers of land tracks. The signals Si and S2 exhibit opposite cases at the centers of 
the groove tracks. 
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[0061] FIG. 12 shows a waveform of a track cross signal Stc output from the second signal 
processing portion shown in FIG, 7 when beam spots are in off-track states. That is, the graph 
shown in FIG. 12 is a graph of a signal generated by differentiating the above-described signals Si 
and S2, and when the centers of land tracks are the points 1, 3, 5, ... of the horizontal axis, and 
the centers of groove tracks are the points 0, 2, 4, 6, ... of the horizontal axis, it can be found 
that the signals Si and Si of FIG. 7 are transformed and amplified, and the track cross signal Stc 
has positive peak values at the centers of the land tracks, and negative peak values at the centers 
of the groove tracks. 

[0062] FIG. 13 shows waveforms of a signal S? output from the first differential amplifier 83 
shown in FIG. 10, and a signal Ss output from the second differential amplifier 86 when an 
aberration of the sub-beam II in the tangential direction is 0.5 degrees, and when beam spots are 
|: in off-track states. Looking at FIG. 13, it is evident that the output signals S? and Ss have 

inverted waveforms with respect to each other. Here, the output signal S? is a signal generated by 
i differentiating the signals S3 and S4 shown in FIG. 8, and exhibits a waveform having the same 
J! period as the track cross signal Stc. Therefore, it is understood that the output signal S? can be 

used as a track cross signal. Also, the output signal Ss is a signal generated by differentiating the 
4 signals S5 and Se shown in FIG. 9, and exhibits an inverted waveform having the same period 
U when compared with the track cross signal Stc of FIG. 12. Therefore, the output signal S? itself 
4 or the inverted signal thereof can be used as a track cross signal. 

[0063] FIG. 14 shows a waveform of a track cross signal Stc output from the second signal 
processing portion shown in FIG. 10 when beam spots are in off-track states. That is, the graph 
shown in FIG. 14 is a graph of a signal generated by differentiating the above-described signals S? 
and Ss, and when the centers of land tracks are the points 1,3,5, . . . along the horizontal axis, 
and the centers of groove tracks are the points 0, 2,4,6,... along the horizontal axis, it can be 
found that the signals S? and Ss of FIG. 10 are transformed and amplified, and the track cross 
signal Stc has positive peak values at the centers of land tracks, and negative peak values at the 
centers of groove tracks. 
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[0064] Here, the waveforms shown in FIGS. 11 through 14 can be inverted depending on the 
direction of the aberration applied to the sub-beam in the tangential direction, and the magnitude 
of a signal can vary with the value of the aberration determined by the tangential tilt of the sub- 
beam. 

[0065] FIG. 15 shows waveforms of a track cross signal Stc and a track error signal Ste when 
beam spots are in off-track states. That is, the waveforms represent signal values generated when 
the numerical aperture (NA) of the objective lens for the optical pickup is 0.65, the wavelength of 
a source light is 400 nm, and the individual track widths of the lands and grooves are 0.37 jum, 
and when the sub-beam has an aberration exhibiting a tangential tilt of 0.5 degrees with respect to 
the recording surface of the optical disk. 



#066] From FIG. 15, it is evident that the signal Stc has peak values at the points 1, 2, 3, . . . 
i r along the horizontal axis, and the signal Ste has a value of zero. As described above, since there 
: is a phase difference between the two signals, a signal can be generated, which can be used when 
i{! a seek operation is performed, i.e., the laser beam spot is moved to a target track, and when the 
g relative position of the beam spot with respect to a track on which desired information is 
recorded, and the movement direction of the beam spot are detected. 

fp)067] A second optical detector 27' according to another embodiment is intended to receive a 
sub-beam II, as shown in FIG. 3, and to convert the optical signal into an electrical signal. As 
shown in FIG. 16, the second optical detector 27' is divided into three portions in the direction 
R', and is divided into two portions in the direction T', and therefore has six separate areas. The 
second optical detector 27' is comprised of six light receiving portions having a 2 x 3 array, i.e., 
first, second, third, fourth, fifth, and sixth light receiving portions Pi, Pi, Ps, P4, Ps, and Pe. 
Here, the first, second, third, and fourth light receiving portions Pi, P2, P3, and P4 are 
substantially the same as the first, second, third, and fourth outer light receiving portions Ai, Bi, 
Ci, and Di of the second optical detector 27 shown in FIG. 6. In addition, the fifth light 
receiving portion Ps corresponds to the sum of the areas of the first inner light receiving portion 
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A2 and the fourth inner light receiving portion D2 of the second optical detector 27 shown in FIG. 
6. Also, the sixth light receiving portion Pe corresponds to the sum area of the second inner light 
receiving portion B2 and the third inner light receiving portion C2 of the second optical detector 27 
shown in FIG. 6. 

[0068] In this case, a second signal processing portion 140 according to another embodiment 
comprises first and second summing amplifiers 141 and 143, and a differential amplifier 145, as 
in the second signal processing portion 40 shown in FIG. 6. 

[0069] When the sum signal output from the second light receiving portion P2 and the third light 
receiving portion P3 is S<p2+p3), and the signal output from the fifth light receiving portion Ps is Sp5, 
the first summing amplifier 141 sums the signal S(P2+ps) and the signal Sps, and outputs a signal Si. 
When the sum signal output from the first light receiving portion Pi and the fourth light receiving 
J? portion P4 is S<pi+p4), and the signal output from the sixth light receiving portion Pe is Sp6, the 

: X- second summing amplifier 143 sums the signal S(pi+p4> and the signal Sp6, and outputs a signal S2. 

""•'-.'J 

Iff In addition, the differential amplifier 145 differentiates the signals Si and S2, and outputs a track 
BS ' cross signal. Therefore, a seek direction detecting signal can be generated by using the phase 

difference between the track cross signal (TCS) output from the differential amplifier 145 and the 
fU track error signal (TES) output from the first signal processing portion 30 shown in FIG. 5. 

s' "~Y 
; b ;-!?' 

[0070] Referring to FIG. 17, a second signal processing portion 150 according to another 
embodiment of the present invention comprises first and second summing amplifiers 151 and 153, 
a gain adjusting unit 152, and a differential amplifier 155. 

[0071] Here, the first and second summing amplifiers 151 and 153 perform the same function as 
the summing amplifiers 141 and 143 previously described with reference to FIG. 16, and outputs 
signals Si and S2, respectively. The gain adjusting unit 152 multiplies the signal Si output from 
the first summing amplifier 151 by a predetermined gain coefficient Ki, and outputs an adjusted 
signal Ki x Si. In addition, the summing amplifier 155 sums the signal S2 and the signal Ki x Si, 
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and outputs a track cross signal (TCS). Therefore, a seek direction detecting signal can be 
generated by using a phase difference between the output track cross signal (TCS) and the track 
error signal (TES) output from the first signal processing portion 30 (FIG. 5). 

[0072] Referring to FIG. 18, a second signal processing portion 160 according to another 
embodiment of the present invention comprises a gain adjusting means 162, and a differential 
amplifier 165. The gain adjusting unit 162 multiplies the input signal Sps by a predetermined gain 
coefficient K2, and outputs a signal K2 x Sps. The differential amplifier 165 differentiates a signal 
Sp6 output from a sixth light receiving portion Pe of a second optical detector 27' and the signal K2 
x Sps, and outputs a track cross signal (TCS). Therefore, a seek direction detecting signal can be 
generated by using the phase difference between the output track cross signal (TCS) and the track 
error signal (TES) output from the first signal processing portion 30 (FIG. 5). 

£3; 

SSP. 

|[f)073] Referring to FIG. 19, a second signal processing portion 170 according to another 

J^' embodiment of the present invention comprises first and second summing amplifiers 171 and 173, 

III a gain adjusting unit 174, and a differential amplifier 175. 

I j)074] The first summing amplifier 171 sums a signal Sm output from a first light receiving 
; 4 f portion Pi and a signal Sp4 output from a fourth light receiving portion P4, and outputs a sum 

"ts: 

O signal Ss. The second summing amplifier 173 sums a signal Sp2 output from a second light 
receiving portion P2 and a signal Sp3 output from a third light receiving portion P3, and outputs a 
sum signal Se. The gain adjusting unit 174 multiplies the signal Se output from the second 
summing amplifier 173 by a predetermined gain coefficient K3, and outputs a signal K3 x Se. The 
differential amplifier 175 differentiates the signal Ss and the signal K3 x Se, and outputs a track 
cross signal (TCS). Therefore, a seek direction detecting signal can be generated by using the 
phase difference between the output track cross signal (TCS) and the track error signal (TES) 
output from the first signal processing portion 30 (FIG. 5). 

[0075] Referring to FIG. 20, in order to generate a track cross signal, a second signal processing 
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portion 180 includes first and second summing amplifiers 184 and 185, first and second 
differential amplifiers 183 and 186, a gain adjusting unit 187, and a third summing amplifier 189. 
When signals output from first, second, third, fourth, fifth, and sixth light receiving portions Pi, 
P2, P3, P4, Ps, and Pe are Spi, Sp2, Sp3, Sp4, Sp5, and Sp6, respectively, and the predetermined gain 
coefficient applied to an input signal into the gain adjusting unit 187 is K4, the second signal 
processing portion 180 processes the input signals so as to satisfy the following formula (2). 

TCS = (SP5 - SP6) + K 4 ((SP2 + Sps) - (Spi + SP4» (2) 

[0076] The first summing amplifier 184 sums signals Spi and Sp4 output from a first light 
receiving portion Pi and a fourth light receiving portion P 4 , and outputs a sum signal Ss, and the 
second summing amplifier 185 sums signals Sp2 and Sp3 output from a second light receiving 
portion P2 and a third light receiving portion P3, and outputs a sum signal Se. 



£$D077] In addition, the first differential amplifier 183 differentiates the signal Sps and the signal 
%l Sp6, and outputs a signal S?, and the second differential amplifier 186 differentiates the signal S5 
r ^ and the signal Se, and outputs a signal Ss. The gain adjusting unit 187 multiplies the signal Ss 
^ output from the second differential amplifier 186 by a predetermined gain coefficient K4, and 
?3 outputs a signal K4 x Ss. The third summing amplifier 189 sums the signal S? and the signal K 4 x 
fu Ss, and outputs a track cross signal (TCS). 

if 0078] Therefore, a seek direction detecting signal can be generated by using the phase 
difference between the output track cross signal (TCS) and the track error signal (TES) output 
from the first signal processing portion 30 (FIG. 5). Since the signals detected by the first and 
second signal processing portions shown in FIGS. 5, and 16 through 20, are substantially the 
same as the signals described with reference to FIGS. 11 through 15, detailed descriptions thereof 
will be omitted. 

[0079] Referring now to FIG. 21, a seek direction detecting signal generator receives a track 
error signal (TES) from the first signal processor of FIG. 5 and a track cross signal (TCS) from a 
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second signal processor as illustrated in any of FIGS. 6-10 or 16-20, and generates a seek 
direction detecting signal from the phase difference between the TES signal and the TCS signal. 

[0080] With the present invention, since the relative position of the center of a beam spot focused 
on a RAM-type optical disk having a land/groove structure with respect to the center of a disk 
track can be determined with a main beam and a sub-beam having a predetermined aberration in 
the tangential direction disposed in the same track, the problem of cross erasure occurring due to 
the use of first and second sub-beams in the conventional art can be solved fundamentally. In 
addition, since the main beam and the sub-beam are disposed linearly, there is an advantage in 
that high-speed access is possible. 

[0081] Although preferred embodiments of the present invention have been shown and described, 
d it will be appreciated by those skilled in the art that changes may be made in these embodiments 
^ without departing from the principle and spirit of the invention, the scope of which is defined in 
I the appended claims and their equivalents. 
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